We have examined the expression pattern of the GBX2 gene during chicken embryogenesis. First transcripts are found in the epiblast of a HH st. 3+ embryo. With the onset of neurogenesis, transcripts mark the posterior neuroectoderm. Later on, expression is detectable in the isthmic region, the hindbrain and the neural tube. We show that GBX2 transcripts, as well as the protein, mark the presumptive hindbrain region. After establishment of the brain vesicles GBX2 transcripts were also detected in distinct domains of the diencephalon. In addition to neural sites of expression, GBX2 was found in several domains including the otic vesicle, the somitic mesoderm, the lateral foregut endoderm, the ventral limb bud ectoderm and in the feather buds.
Results and discussion
Members of the homeobox gene family have been shown to be important regulators of brain development (e.g. the engrailed genes, Wurst et al., 1994) . The homeobox gene Gbx2 has been shown to be essential for the establishment of the midbrain-hindbrain organizer (the isthmus region) and the development of anterior hindbrain derivatives (rhombomere 1-3, Wassarman et al., 1997) . In Gbx2 deficient mice the midbrain extends caudally suggesting that Gbx2 is required for the patterning of the midbrain-hindbrain region (Wassarman et al., 1997) . We have identified the chicken Gbx2 gene as a target of the normal and leukemic myb oncogene and have shown that GBX2 is involved in hematopoietic lineage choice (Kowenz-Leutz et al., 1997) . Here, we examined the expression of GBX2 during early stages of chicken development.
GBX2 expression in the developing nervous system
Weak expression of GBX2 was already found in the epiblast before the primitive streak reached full elongation (Hamburger-Hamilton stage (Hamburger and Hamilton, 1951) , HH st. 3+, data not shown). At HH st. 4, GBX2 is expressed in the central part of the epiblast excluding the primitive streak and Hensen's node as well as the anterior and posterior ends (Fig. 1A) . No expression is found in the underlying endoderm (data not shown). During primitive streak regression, transcripts are found in the presumptive basal and alar plate excluding the presumptive floorplate region (Fig. 1B) . The adjacent ectoderm also expresses GBX2. At the beginning of somitogenesis the anterior border of GBX2 expression in the neuroectoderm marks the presumptive midbrain-hindbrain boundary ( Fig. 1C-H ). GBX2 expression is restricted to the dorsal neural folds. After formation of the primary brain vesicles, transcripts are found in the rhombencephalon (Fig.  1E ) and, subsequently, in the hindbrain, the isthmic region and the neural tube. The telen-, dien-and mesencephalon are negative for GBX2 expression at these stages (Figs. 1F, G and 2A) . Expression in the rhombencephalon is restricted to the dorsal part ( Fig. 2E ) whereas the entire isthmic region is GBX2 positive (Fig. 2D ). Neural tube expression is found in two paired longitudinal columns as previously described for the murine Gbx2 gene (Fig.  2B ,C) (Bulfone et al., 1993) . To determine whether GBX2 transcripts and protein co-localize, we employed a monoclonal antibody derived against chicken GBX2. As shown in Fig. 2A , restriction of GBX2 to the rhombencephalon is clearly evident at the protein level at HH st. 10. We detected expression of GBX2 in all rhombomeres, including rh 5 and 6 which, in mice, were previously found to be negative ( Fig. 2A) (Bouillet et al., 1995) . After complete regression of the primitive streak, GBX2 is strongly expressed in the tailbud region (Fig. 1F,G) . Although GBX2 transcripts were not found in the anterior neuroectoderm at early stages of development, expression in the diencephalon became apparent with the onset of thalamic development as two ventrolateral stripes which give rise to thalamic regions (Figs. 1H and 2D ). Taken together, our data show that the chicken GBX2 gene is expressed in early posterior neuroectoderm and that its expression marks the entire early neuroectoderm which later forms hindbrain regions.
GBX2 expression outside the CNS
In addition to neural expression, GBX2 transcripts were found at various sites during chicken development, including the endoderm and the somites (Bouillet et al., 1995; Bubnoff et al., 1995) . At the beginning of anterior endodermal folding, GBX2 expression is restricted to the lateral parts of the anterior intestinal port (AIP) and the adjacent posterior endoderm which develops into the lateral foregut (Fig. 1B-D) . After foregut closure, GBX2 expression disappears from the endoderm. Somitic expression was found with the beginning of somitogenesis (Fig.  1C-E) in the presomitic mesoderm and in the somites (Fig. 1E) .
Our data confirm GBX2 expression in the otic vesicle ( Fig. 1F-H) (Bouillet et al., 1995; Wassarman et al., 1997) . Since the otic vesicle participates in the formation of the ear (Torres and Giraldez, 1998) , these data are consistent with abnormalities in the vestibular organ of the knock-out animals (Wassarman et al., 1997) .
The first branchial arch is a striking domain of GBX2 expression with somewhat weaker expression in the pharyngeal arches (Fig. 1G,H) (Bouillet et al., 1995) . This expression profile persists at least up to HH st. 27 in the maxillary as well as in the mandibular processes (derivates of the first branchial arch, Fig. 2H) . Similarly, the hyoid arch continues to express GBX2.
With the onset of limb outgrowth, GBX2 is expressed in the ventral limb ectoderm until the latest stage analyzed (HH st. 23, Figs. 1H and 2F) . Expression marks a stripe of cells at the proximal part of the ventral limb (Fig. 2G) . It is noteworthy to mention, however, that limb abnormalities have not yet been detected in Gbx2 deficient mice (own observations and Wassarman et al., 1997) . Since it has been shown that c-myb (a regulator of GBX2 in hematopoiesis, Kowenz-Leutz et al., 1997) is expressed in the developing feather (Desbiens et al., 1991) it was of particular interest to us that GBX2 was also expressed in feather buds of a HH st. 37 (Fig. 2I) .
Methods
Whole-mount in-situ hybridizations were performed as described elsewhere (Stein et al., 1996) . The riboprobe was generated as a digoxigenin (Boehringer) labelled probe from full-length GBX2 (1.6 kb) cloned in the bluescript SK-vector. Briefly, fixed and dehydrated embryos were rehydrated in a methanol series and digested with protein kinase K (10 mg/ml). Hybridizations were performed at 70°C overnight. After two washes at 70°C, embryos were treated twice with RNAse A (100 mg/ml) at 37°C for 30 min. Embryos were incubated overnight at 4°C with alkaline phosphatase conjugated digoxigenin antibody (Boehringer), thereafter washed several times at RT and equilibrated overnight to adjust for pH 9.5 with NTMT solution. Finally, embryos were stained with the BM-purple substrate (Fig.  1A-G) or NBT/BCIP (Figs. 1H and 2B-G, Boehringer) for not longer than 90 min. For storage, embryos were washed several times in PBT, transferred to 50% and 80% glycerol in PBT and stored at 4°C. Immunhistological staining was performed by the procedure described by Davis et al. (1991) using a monoclonal antibody against GBX2.
